agree in many aspects with those previously obtained with morphological and behavioral data (Ruttner, 1988) . These studies have shown that the west European subspecies A. m. mellifera and some northern Iberian populations of A. m. iberica correspond to the M lineage, the subspecies distributed from eastern Europe to Italy as A. m. caucasica, A. m. carnica, and A. m . ligustica among others, form the lineage C, and the A lineage encompasses all the African subspecies and also those populations located in southern Iberia and Mediterranean islands as Sicily (A. m. sicula, Garnery et al., 1993) and Malta (A. m. ruttneri, Sheppard et al., 1997) . The existence of the fourth evolutionary lineage (O), comprising mellifera subspecies from the Middle East area has been recently confirmed using mitochondrial and microsatellite variability (Franck et al., 2000b; Palmer et al., 2000) .
The honeybees of the Iberian Peninsula have been of particular interest because of the hypothesized status of A. m. iberica as a hybrid between European A. m. mellifera and African A. m. intermissa. In agreement with this hypothesis, a decreasing gradient of African mitochondrial haplotypes occurs from south to north, while the inverse situation occurs with west European haplotypes Garnery et al., 1995 Garnery et al., , 1998a Sheppard et al., 1996) . On the contrary, microsatellite analyses of A. m. iberica show allelic patterns similar to A. m. mellifera, with almost no introgression of African alleles (Franck et al., 1998; Garnery et al., 1998b) . Some Mediterranean islands harbor endemic honeybee populations as A. m. sicula in Sicily and A. m. ruttneri in Malta. These populations have been studied using morphometric (Sheppard et al., 1997; Ruttner, 1988) and molecular approaches (Garnery et al., 1993; Sheppard et al., 1997; Franck et al., 2000a) . Mitochondrial haplotypes found in these honeybees have an African origin and similar haplotypes have been observed at high frequencies in the Iberian honeybee. Initial results on some Greek islands also show this pattern (Garnery et al., 1993) . The Mediterranean distribution of African haplotypes could be interpreted in the light of successive colonization and bottlenecks events occurred in Europe in the Pleistocene period. Patterns further complicated by human influence during historic times. In Corsica and Sardinia, honeybee populations display a high mitochondrial differentiation with European haplotypes from the lineages M and C, clearly due to a human influence (Franck et al., 2000a) .
Populations on the Balearic islands are situated in the western Mediterranean Sea close to the eastern Iberian coast. The three northern islands (Majorca, Minorca and Cabrera) make up the Gymnesic archipelago, whereas Ibiza and Formentera to the south form the Pityusic group. According to a model of colonization of the Balearics due to natural factors, we hypothesized that there may be differences between honey bee populations from the Gymnesic and the Pityusic island groups, as is known for other organisms (Colom, 1964; Compte, 1968; Cuerda, 1975; Palmer et al., 1999, etc.) . Such differences reflect the separate history of both archipelagos in terms of colonization over the last two million years, including the time when Apis mellifera probably expanded its range westwards from the East Mediterranean region (Ruttner, 1988) .
Variation in the mitochondrial molecule allows discrimination among the evolutionary lineages of honeybee subspecies. Several approaches have been described for studying the sequence variability of different mitochondrial regions (reviewed for Africanized bees in Sheppard and Smith, 2000) . Some of the molecular studies rely on the length and restriction site polymorphisms of the mitochondrial genome (Crozier et al., 1991; Hall and Smith, 1991) . Garnery et al. (1993) used the length polymorphism of the intergenic tRNA leu -COII region, combined with a restriction site polymorphism in the same region, to design a simple and stringent test that designates honeybees bearing different haplotypes to membership in one of the four mtDNA lineages of subspecies. This intergenic region is basically composed of two sequences called P and Q. The type of P sequence (P with 54-56 bp, P 0 with 62-69 bp and P 1 with 50 bp) combined with the number of Q sequences characterise the four evolutionary lineages.
In this study we analyzed the mtDNA (restriction site and length polymorphisms) of 110 colonies from the Balearic islands to characterize the Balearic honeybee populations and to test current hypotheses about their origin and evolution.
MATERIALS AND METHODS

Sampling and DNA extraction
A total of 110 colonies were sampled from 23 different localities distributed on Majorca, Minorca, Ibiza and Formentera during August 1999 and February 2000 ( Fig. 1 and Tab. I). At least 30 worker bees were collected from each colony. The hives were opened and the bees were trapped from the inner frames to prevent the collection of drifting bees. Bees were immediately killed by immersion in absolute ethanol and kept at -20 °C until they were processed in the laboratory.
Total DNA was extracted from one worker thorax per colony (N = 110 samples) after rinsing the bees for one hour following Garnery et al. (1993) . DNA isolation was performed following the Chelex method (Walsh et al., 1991) .
PCR amplification and DNA digestions
The target regions containing the diagnostic restriction sites were amplified and digested following Smith et al. (1997) (Tab. II). Three diagnostic restriction sites were analyzed: BglII in the cytochrome b gene (Crozier et al., 1991) , and HincII and XbaI in the subunit I of the cytochrome oxidase gene (COI) (Hall and Smith, 1991) . 
PCR amplification of the intergenic tRNA leu -COII region was performed following Garnery et al. (1992) with the primers E2 located at the 5'-end of the tRNA leu gene and H2 located at the 5'-end of the COII gene. The four amplified resulting products were visualized after the electrophoretic separation on 1.5% agarose gels, stained with ethidium bromide, and photographed under ultraviolet illumination.
Ten µL aliquots of the resulting PCR products were digested with five units of each of the following enzymes BglII, HincII, XbaI and DraI. The restriction reactions were kept in a waterbath at 37 °C for 4-12 h and the resulting fragments were visualized in 1.5% agarose gels (BglII, HincII and XbaI digestions) or 8% acrylamide gels (DraI digestion) and stained with ethidium bromide. Photographs were taken for documentation.
Statistical analyses
The Fischer exact test was performed to examine the differences in the distribution of haplotypes and evolutionary lineages among the islands with the program STRUC from the GENEPOP package version 3.1c (Raymond and Rousset, 1995) . The AMOVA test for population structure was calculated using the ARLEQUIN program (Schneider et al., 1997) .
Phylogenetic analysis
Results obtained in this work were combined with those from the region of Murcia located in the southeastern region of the Iberian Peninsula (de la Rúa et al., 1999) . We used the maximum likelihood approach performed on the frequency of haplotypes present in each population. Bootstrap values (in %) were obtained after 2000 iterations of the data set in every case (Hedges, 1992) . Programs included in the package PHYLIP (version 3.5c, Felsenstein 1993) were used for these purposes.
RESULTS
Mitochondrial DNA characterization
As a first step in the molecular characterization of the honeybee populations of the Balearic islands, we performed restriction analyses after the amplification by PCR of the cytochrome b (cyt b) and the COI mitochondrial DNA regions. Results (Tabs. I and II) show that most colonies have the restriction pattern characteristic of the African evolutionary lineage i.e. the BglII site in the cyt b region and HincII and XbaI sites in the COI were absent. In 28 out of 110 studied colonies the restriction pattern typical of the evolutionary lineage from Western Europe was found. We did not detect colonies belonging to other lineages.
The intergenic tRNA leu -COII region amplified by PCR yielded products with two sizes, either ca. 620 or ca. 815 base pairs. The restriction with the enzyme DraI revealed four different patterns: A1, A2, M6 and M8 (Fig. 2 and Tab. II). A1 and A2 contain the P 0 sequence and differ in the presence of one (A1) Garnery et al., 1993) . Arrows indicate restriction sites and asterisks indicate two fragments with identical sizes. The size of the fragments after the DraI restriction is also shown. subspecies of A. mellifera, thus confirming that these colonies should be included in the African lineage. The haplotypes M6 and M8 display typical west European patterns containing the P sequence in its intergenic region, and one (M6) or two (M8) copies of the Q sequence.
Genetic diversity and population structure
The distribution and the relative frequencies of these four haplotypes in the sampled islands are given in Figure 1 . The haplotype A1 occurred in high frequency on Majorca (100%) and Minorca (84%) and the haplotype A2 was only detected on Ibiza (42%). Haplotypes corresponding to the M lineage have been observed on Minorca (M8, 16%) and at high frequency on Ibiza (M6, 52%) and Formentera (M6, 100%).
Fischer exact tests for comparing the haplotype and lineage distributions among the island populations were significant (P < 0.005) in both cases, indicating differentiation among island populations. Furthermore, an AMOVA test was performed to examine components of variance between the two groups of island populations, among islands within these two groups and within islands. The islands were grouped depending on the presence and frequency of each haplotype found: Majorca and Minorca (Gymnesic islands) where the haplotype A1 is exclusively present, and Ibiza and Formentera (Pityusic islands) that share the presence of the haplotype M6. Results are shown in Table III . Thirty-five percent of the total variance is due to the differences between the two groups of islands, thus confirming the influence of the geographical localization in the haplotype distribution. Only 10% of the total variance is due to the differences within the Gymnesic and the Pityusic archipelagos, and suggests a certain level of homogeneity within these two groups. Fifty-four per cent of the variance depends on the differences within each island.
The maximum-likelihood tree obtained with the observed frequency of each haplotype (Fig. 3) Murcia that was taken as representative of the continental A. m. iberica populations.
DISCUSSION
Molecular analyses of the mitochondrial DNA of A. mellifera populations from the Balearic islands of Majorca, Minorca, Ibiza and Formentera show that 75% of the studied colonies belong to the African evolutionary lineage of subspecies. This result is in agreement with previous data of honeybee populations from other Mediterranean islands as Sicily, Malta and some Greek islands (Garnery et al., 1993; Sheppard et al., 1997; Franck et al., 2000a) . These data support the hypothesis pointed out by Ruttner (1988) , and expanded by Sheppard et al. (1997) about the location of honeybee refugia in the Mediterranean area during the Pleistocene glaciation era, and a subsequent expanding period of these populations to the rest of Europe and the Mediterranean islands.
The results of Franck et al. (2000a) confirmed the presence of African haplotypes in two A. m. sicula populations that show the haplotypes A1, A2, A4 and A8. The A2 haplotype has also been found in Ibiza but not in the other three Balearic populations, in spite of the close geographical situation of these islands. On the other hand, the haplotype A1 was fixed (frequency = 1) in populations from Majorca and detected at a high frequency (84%) on Minorca. This haplotype has been described in populations from Morocco and is especially frequent in A. m. intermissa populations from south of the Atlas mountains and Guinea (Franck et al., 1998) . It has also been found in southern Iberia (but in a low frequency) in A. m. iberica colonies with African haplotypes de la Rúa et al., 1999) , in the Canary islands (de la Rúa et al., 1998 Rúa et al., , 2001a ) with a variable frequency, and in Sicily (Franck et al., 2000a) . The distribution of the haplotype A1 in the large islands supports a close link between the honeybee populations from Majorca and Minorca. These islands suffered several processes of connection and separation during historical times. The last time they were connected was around 25 000 years ago (Compte, 1968) thus having the chance to homogenize the gene pool of their honeybee populations. The high frequency of this haplotype suggests a colonization event, such as described for other organisms located in the Balearic islands as Drosophila subobscura (Castro et al., 1999) .
Haplotypes characteristic of west European honeybee populations have been found on Formentera and Ibiza (M6, 100% and 52% respectively) and at a low frequency on Minorca (M8, 16%). The homogeneous presence of the M6 haplotype in Formentera, a very small island with a few colonies, could reflect a recent bottleneck event. The M8 haplotype observed on Minorca has been previously detected at low frequencies in the southern part of France and also in the A. m. iberica populations with mellifera haplotypes from northern Iberia (Garnery et al., 1998a) . These findings could reflect an anthropogenic influence in recent historical times, due to importations from Iberia that have been occurring during the last decades, as communicated to us by local beekeepers in Ibiza.
The haplotype distribution allows the clustering of the island honeybee populations in two groups: the large islands Majorca and Minorca (Gymnesic) and the small islands Ibiza and Formentera (Pityusic). This cluster agrees with the postulated separate history of both archipelagos, (Majorca and Minorca got separated from the Iberian mainland before Ibiza and Formentera and suffered several episodes of separation and union) which is also mirrored by other insect and plants groups (Palmer et al., 1999) . Interestingly, only birds do not seem to reflect this paleogeographic trend.
The variability found in the Balearic islands is perhaps due to more than one mtDNA of Balearic honeybees factor, including historical processes (in a geological scale) and recent human influences. Similar results have been observed in populations of A. mellifera in the Canary islands, where many native populations characterized by a particular mitochondrial intergenic region have suffered a marked introgression caused by importation of foreign queens of the East European evolutionary lineage (de la Rúa et al., 1998 Rúa et al., , 2001a . If queen replacement is maintained or increased during the next years in the Balearic islands, the gene pool of locally adapted populations could be severely disrupted. This process could cause the extinction of ecotypes adapted to the environmental conditions of these islands. Further research must be done for evaluating the factors that influence the genetic diversity of Balearic honeybee populations, and for establishing policies to preserve local populations with conservation interest. Les îles Baléares sont situées en mer Médi-terranée occidentale près de la côte orientale de l'Espagne réparties en deux groupes : Majorque et Minorque (archipel Gymné-sique) et Ibiza et Formentera (archipel Pityusique). Nous émettons l'hypothèse qu'il peut y avoir des différences entre les populations d'abeilles des deux archipels. Ces diffé-rences refléteraient l'histoire distincte qu'ont eue les deux archipels en termes de colonisation durant les deux derniers millions d'années, y compris le moment où A. mellifera a probablement étendu son aire vers l'ouest à partir de la Méditerranée orientale. Dans cette étude nous avons analysé la variation mitochondriale de 110 colonies d'abeilles présentes sur les îles Baléares (Fig. 1, Tab. I ). Nous avons trouvé deux lignées évolutives et quatre haplotypes (Tabs. I et II) : les haplotypes africains A1 et A2, caractérisés par la présence de la séquence P 0 et respectivement d'une ou deux unités Q, et les haplotypes d'Europe occidentale M6 et M8, qui possèdent également une ou deux unités Q mais ont la séquence P (Fig. 2) . La fréquence et la distribution de ces haplotypes varient selon les îles (Fig. 1) 
